Objective: This study examined the mediating effects of lifelong learning on the association between self-rated health and educational attainment among a nationally representative sample of the US residents aged 50-years and older. Setting: Socioeconomic disparities in health are a major public health concern in economically developed nations where improving socioeconomic status (e.g., formal educational attainment) at the population-level is challenging. In the light of population ageing, alternative approaches to improve health through malleable factors are urgently needed. Recent research suggests that participation in organised learning activities-lifelong learning-could attenuate the lack of formal educational attainment on health. Methods: Data come from the 2012 wave of the US Health and Retirement Study. Structural equation models with bootstrapping were used to estimate the mediation effect of lifelong learning activity in the relationship between self-rated health and formal educational attainment.
Introduction
Educational attainment-often denoted by one's highest degree or total years of formal education-is well-recognised as a key fundamental determinant of health (Phelan et al., 2010) . A person's educational attainment is typically determined by the time she or he reaches early adulthood. Yet, its effects on health are pervasive and cumulative, as related dis/advantages amplify in magnitude across the life course (Dupre, 2007) . Education, as a marker of socioeconomic status, is linked to a collection of health resources such as health information, healthful behaviours (e.g., smoking), psychosocial resources (e.g., social network, self-efficacy), and health care utilisation (Hayward et al., 2015; Cutler and LlerasMuney, 2010) . Increasing levels of education may be the best long-term public health strategy for achieving national health goals (Mirowsky and Ross, 2015) . Yet, in terms of immediate improvements in population health, this approach is ineffective (Olshansky et al., 2012) .
Increasing levels of education will likely result in improved population health, but improving one's socioeconomic status requires time and resources at both the societal and individual level. Given ongoing population aging and general health decline in later life, alternative approaches to improve health among the middle to older-aged population are urgently needed (Olshansky et al., 2012) . Therefore, coupled with a long-term investment in education, it is critical to empower populations who currently have, or who are at high risk of developing, health problems. One such approach is to encourage and promote continued learning over the life course, which has the potential to attenuate the cumulative negative effects of low-levels of formal educational attainment on health in middle to later adulthood (Narushima, 2008) .
While there are a variety of organised adult education opportunities in the USA (e.g., Road Scholar, Osher Lifelong Learning Institute, etc) (Elderhostel Inc., 2014; The Bernard Osher Foundation, 2014) , lifelong learning is broadly defined to include "all learning activity taken throughout life" (Commission of the European Communities, 2001: 9) . Thus, in the present study, lifelong learning refers to any organised educational/learning activity reported after the completion of formal educational training. The compulsory education law in the USA requires those age 6 to 18 to attend school (12 years), and expected time of degree programme completion in higher education (e.g., college, university) is 2-4 years. While middle age and older adults are less likely than younger adults to participate in lifelong learning (OECD, 2014) , approximately 50% report participating in at least one lifelong learning activity per year (Cummins et al., 2015) . Middle-age and older adults with lower levels of formal educational attainment, less income, and from racial/ethnic minorities, are less likely to participate in lifelong learning activities (Desjardins, 2010) Given a positive association between formal educational attainment and subsequent lifelong learning participation (Desjardins, 2010) , lifelong learning likely mediates the relationship between health and formal education through multifaceted pathways such as enhancing psychosocial resources, cognitive skills, social networks, and positive attitudes toward the future (Baker et al., 2011; Narushima et al., 2013; Schuller, 2004; Hammond and Feinstein, 2005) . While lifelong learning appears to be a public health strategy worth pursuing, current evidence is limited in that empirical studies have generally employed relatively small samples, and national-level inquiry in the USA has yet to be conducted (Narushima, 2008; Schuller, 2004; Hammond, 2004) .
The relationship between health and lifelong learning in the USA has yet to be established (Chen et al., 2015; Hammond and Feinstein, 2006) , and related research has predominantly focused on adult competencies (e.g., knowledge and skills) (Sørensen et al., 2012) . Yet, lifelong learning may have great potential as a public health strategy (Green and Kreuter, 2005) . By the same token, systematic mediation analysis with nationally representative US data is scant. Therefore, the current study addresses the following research question: does participation in lifelong learning activities mediate the relationship between self-rated health and formal educational attainment in middle to later adulthood? It is hypothesised that participation in lifelong learning activities attenuates the wellestablished link between self-rated health and formal educational attainment among adults aged 50-years and older.
Methods

Data
Data were obtained from the 2012 wave of the US Health and Retirement Study (HRS), which is a nationally representative panel study of the US residents aged 50-years and older. The HRS includes demographic, socioeconomic, and health characteristics. The detailed survey design and sampling procedure are published elsewhere (Hauser and Willis, 2004) . A randomly selected subsample of HRS respondents-approximately half of the core module sample-was asked to complete a self-administered (i.e., a leave-behind) questionnaire focused on psychosocial and lifestyle issues. A lifelong learning measure was first added to this questionnaire in 2012 (Health and Retirement Study, 2014) . Additional information was obtained from the RAND version of the HRS, which includes selected composite as well as derived variables (RAND Center for the Study of Aging, 2015). After excluding 212 cases with missing values (3% of the sample), the final sample size was 6,829. Except for the age and lifelong learning variables, all other variables had 1-32 cases with missing values. At the same time, more than 99.5% of the cases were available in all variables, and therefore, the listwise deletion of missing values was considered adequate.
Measures
Dependent variable
Self-rated health was recorded on a 5-point Likert-scale (1-5: Poor, Fair, Good, Very good, Excellent). Self-rated health is an informative indicator of current overall health, a powerful predictor of mortality among middle-aged to older adults, and a commonly examined health outcome in education-related research (Ferraro and Kelley-Moore, 2001 ).
Independent variable
Education was measured by total years of formal education obtained by the time of survey.
Mediator
Lifelong learning activity was based on responses to the question: "These first questions are about the activities in your life now. Please tell us how often you attend an educational or training course." Responses were recorded on a 7-point Likert-Scale (1-7: Never, Not in the last month, At least once a month, Several times a month, Once a week, Several times a week, Daily). Given a skewed distribution with a large proportion of "Never," this measure was dichotomised to compare those who currently participate in lifelong learning activities at least once a month versus those who do not.
Covariates
All covariates were selected according to their relevance for general health (U.S. Department of Health and Human Services, 2018) , education, lifelong learning, and availability in the HRS. Demographic and socioeconomic characteristics include age (in years), gender (female vs. male), race/ethnicity [non-Hispanic white (reference); nonHispanic Black; Hispanic, and others], and marital status (married vs. not married). Household income and wealth (i.e., total non-housing assets) were converted into quintile ranks given skewed distributions and negative values (i.e., debt). Health-behaviour measures included frequency of vigorous, moderate, and light physical activity (1-5: Hardly ever or never, One to three times a month, Once a week, More than once a week, Everyday), smoking (current smoker vs. non-smoker), and heavy drinking (heavy drinker vs. non-heavy drinker: more than one drink and two drinks per day for women and men, respectively). Body mass index (BMI) was computed based on measures for height and weight.
Statistical analysis
Weighted descriptive statistics were computed using HRS-provided sampling weights (NLBWGTR, SECU, STRATUM). A mediation analysis is well-suited to address the research question, and we followed the structural equation model approach (i.e., path model) (Kline, 2016) depicted in Figure 1 . Covariates (see Figure 1) were not shown in equations to aid with clearer presentation of key variables (i.e., formal educational attainment and current lifelong learning activity).
Self-rated health = 0 + 1 education + 2 lifelong learning activity + (Equation 1) Lifelong learning activity = 10 + 11 + 1 (Equation 2)
Let 1 and 2 be the regression coefficients for education and lifelong learning activity on self-rated health, respectively. 11 is the regression coefficient of education on lifelong learning activity. The mediation effect can be estimated as follows (Equation 3) (Muthén et al., 2016; Hayes, 2013) Lifelong learning activity as the mediator: Indirect effect = 2 11 (Equation 3)
Given that the product of two regression coefficients (i.e., 2 11 ) violates the normality assumption, bootstrapping, which is the resampling technique currently recommended for mediation analyses (Hayes, 2013) , was employed. Covariates were included in the models as shown in Figure 1 .
Figure 1 about here
A mean and variance adjusted weighted least square with a probit link function was used for estimation, given the dichotomous mediator (Muthén et al., 2016) . The MODEL CONSTRAINT function with 10,000 bootstrap samples in Mplus version 7 was used to estimate the adjusted indirect effect Muthén, 1998-2012; Stride et al., 2015; Mackinnon and Dwyer, 1993) . Statistical significance was evaluated based on whether the bias-corrected bootstrap confidence interval included 0 or not. The estimated statistical power of the model was 0.95, which is well above the 0.80 conventionally accepted level (Preacher and Coffman, 2006) . In line with existing guidelines, model fit was assessed with a series of fit indices including the chi-square statistic, root mean square error of approximation (RMSEA), comparative fit index (CFI), and standardised root mean square residual (SRMR) (Kline, 2016) . The final sampling weight (NLBWGTR), cluster weight (SECU) and stratification weight (STRATUM) was applied. For this type of study, formal consent is not required. The data analysed in this study was publicly available secondary data. Table 1 shows the demographic, socioeconomic, health, and health behaviour characteristics of the analytic sample. Approximately three-quarters of the respondents reported positive (good, very good, excellent) self-rated health. The average total-years of formal education was 13.17 years. In terms of lifelong learning activity, 17.16% of respondents reported participating at least once a month. Among the 82.84% of respondents that reported participating less than once a month, 70% (57% of the total sample) reported that they never participate in lifelong learning activities. Respondents were more likely to be female (54.20%), white (78.59%), and married (60.41%). Less than half of the respondents engaged in vigorous physical activities, 80% engaged in moderate physical activity, and 90% engaged in light physical activity at least 1-3 times a month. Approximately 14% of the respondents were current smokers, and 7% were drinkers who consumed more alcohol more than recommended. Mean BMI was 28.62. Table 1 about here   Table 2 shows the estimated 95% bias-corrected bootstrap confidence intervals from the fully conditional mediation model. According to the recommended guidelines (Kline, 2016) , the model achieved an adequate fit [chi-square statistic = 29.94 (degrees of freedom = 6), p < 0.05; RMSEA = 0.024 < 0.08; CFI = 0.959 > 0.90; SRMR = 0.010 < 0.10]. Results supported our hypothesis that participation in lifelong learning activity attenuates the relationship between self-rated health and educational attainment after adjusting for relevant covariates. In view of the ratio of the estimated indirect effect and the total effect (effect size indicator) (MacKinnon et al., 2007) , approximately 3.33% to 5.45% of the effect of formal education on self-rated health was mediated by participation in lifelong learning activities, which suggests that lifelong learning activity reflects a substantial pathway between self-rated health and formal educational attainment. Additionally, formal education was a significant predictor of both self-rated health and current participation in lifelong learning activities. That is, those with more years of formal education reported better self-rated health and they were also more likely to currently participate in at least one lifelong learning activity on a monthly basis. 
Results
Discussion
In the light of ongoing population aging and general health decline in later life, alternative approaches to improve health outcomes among middle-aged to older adults are urgently needed (Olshansky et al., 2012) . From a theoretical viewpoint, lifelong learning is an attractive public health strategy. Findings from the present study suggest that lifelong learning likely mediates the pervasive and cumulative effects of educational attainment on health in later life. To our knowledge, these findings reflect the first nationally representative evidence of the association between health and lifelong learning in the USA.
These initial findings are promising, but given a lack of longitudinal panel data, we are severely limited in our ability to address causal mechanisms. The HRS is conducted biannually, and a second wave of data (i.e., the 2014 Leave-Behind Questionnaire) has recently been released. Yet, true longitudinal mediation analysis requires at least three waves of panel data to properly identify effects (Collins et al., 1998) . Thus, in the absence of such data at this time, we offer three potential explanations for how participation in lifelong learning activity likely mediates the relationship between health and formal educational attainment, with the intent to guide future research.
First, lifelong learning activity is positively associated with adult competencies (e.g., knowledge and skills, such as those necessary for self-care skills) (Sørensen et al., 2012) , which reflects a similar, but distinct, pathway that has been established between health and formal educational attainment (Hayward et al., 2015) . Continuing education through lifelong learning likely enhances cognitive skills (e.g., problem-solving skills), which potentially provides health advantages (Baker et al., 2011) . Thus, it may be useful for research focused on specific competencies and cognition factors to identify precise pathways by which lifelong learning may improve health through improving one's health-related knowledge base, either directly or indirectly (e.g., health-related versus general lifelong learning activity). Moreover, future research that identifies age patterns in the link between cognition, lifelong learning, and one's ability to translate new knowledge into improved health behaviours would be useful for developing refined targeting strategies.
Second, participation in lifelong learning activity is associated with psychological benefits and may enhance one's self-esteem, sense of control, and positive attitudes toward life, which in turn are associated with positive health outcomes (Schuller, 2004) . Moreover, positive experiences with lifelong learning stimulates motivation for subsequent participation (Pressman et al., 2009) , and ongoing active engagement in social and productive activities is a major component of the successful aging paradigm (Rowe and Kahn, 1997). However, there is a lack of generalisable evidence to support these proposed psychological benefits. Thus, future research that draws on nationally representative data, such as the HRS, is needed to establish these links. This may be a fruitful area of research for scholars who work within the successful aging paradigm, as this theoretical framework provides a foundation for linking health outcomes with psychosocial factors in later life (e.g., activie social engagement).
Third, previous research concerned with addressing fundamental links between health and socioeconomic status has highlighted the importance of considering differential levels of experienced and perceived stress (Braveman et al., 2011) . Thus, links between enhanced coping behaviours, which are associated with related psychological benefits (enhanced self-esteem, sense of control, and positive attitudes toward life), and lifelong learning must be explored. Indeed, specific pathways between health and lifelong learning activity require further research. Particularly, the type (i.e., formal vs. informal) and amount (e.g., dose-response) of lifelong learning activity required to impact health warrants critical attention. In addition, practical plans for recruitment and retention of mature adults in a variety of lifelong learning activities should be identified (Chang and Lin, 2011; Yamashita et al., 2015) . In sum, present findings point to the potential of lifelong learning as an important public health strategy in middle to later life, and there is strong theoretical support to further explore the roles that competency, psychosocial resources, and coping play in the links between health and lifelong learning activity.
Limitations
First, possible omitted variable bias such as previous lifelong learning experience, personality, and place of residence cannot be ruled out (Clouston et al., 2015) . Second, relevant theoretical propositions were used to guide our analytic approach, but the crosssectional data employed in this analysis does not allow for explicit causal inference. This limitation can be largely overcome in time, with the accumulation of longitudinal panel data. Specially, the lifelong learning measure will soon be available in three waves of the HRS, and future research should consider building on the baseline findings reported in this study. Yet, the operationalisation of lifelong learning activity is limited to the frequency of participation in a generic category of "adult education and training." Thus, the type, quality, and intensity of learning activity remains unclear. However, given the lack of previous generalisable evidence in the US context, a general measure of lifelong learning participation was appropriate for this study. More detailed measures of lifelong learning activity should be included in future waves of inter/nationally representative surveys, such as the HRS and the Program for International Assessment of Adult Competencies (PIAAC) (National Center for Education Statistics, 2017). Finally, findings from this study should not be extended to other nations.
Contribution
Our use of a systematic mediation analytic technique (i.e., structural equation model with bootstrapping) is rare in the related body of previous research, and this study bolsters findings from previous studies that employed different methodological techniques (Narushima et al., 2013; Jenkins, 2011; Leung and Liu, 2011) . Finally, we provided empirical evidence based on an informed approach, which could have policy implications in multiple domains (e.g., aging, education and public health).
Public health implications
The identification of mediators of the fundamental causes of health is an indispensable first step toward improving population health (Hatzenbuehler et al., 2013) . Activity aspects (i.e., participation) of lifelong learning have received insufficient attention compared to adult competencies (e.g., capability, skills, knowledge), and current findings suggest that participation in lifelong learning activity may be a public health strategy worth pursuing. Similar to the fact that both physical fitness and physical activity benefit health outcomes, lifelong learning activity should be considered among the commonly recognised health promoting factors.
Lifelong learning activity could provide an additional opportunity for individuals who are already engaged in healthful behaviours (e.g., physical activity), as well as for individuals who dislike, and/or have limited access to environments, conducive for physical activity. Considering only one-in-five adults engaged in physical activity at the recommended level, lifelong learning as an additional healthful activity has the potential to reach a relatively large proportion of those who would otherwise be left out (Centers for Disease Control and Prevention, 2014) . Lifelong learning can be autonomously done by middle-aged to older adults, and is considered a sustainable opportunity that enhances individual empowerment, which is positively associated with self-directed health management (Sørensen et al., 2012) . Empowerment through lifelong learning is also relevant for specific health care issues surrounding the need to quickly learn and adopt self-care regimens and master new healthrelated information (Krumholz 2013 ) (e.g., post-hospital syndrome ---greater risk of rehospitalisation within 30 days of discharge among one in five or over 2.6 million Medicare patients).
Moving forward, it is important to consider the availability of, and infrastructure for, lifelong learning programmes and how this may limit accessibility. Existing studies (largely from European nations) confirm the importance of policies aimed at maximising lifelong learning participation at the population level (above and beyond a focus on individual choices) (Roosmaa and Saar, 2017; White, 2012) . For example, such policies have addressed situational (e.g., family responsibility, child care) and institutional barriers (e.g., cost, transportation, prerequisite) to lifelong learning (Broek and Hake, 2012; Roosmaa and Saar, 2017) . There are also barriers among non-employed adults, presumably due to a strong emphasis placed on the links between lifelong learning and economic returns (Boeren et al., 2010) . However, universally effective policies have yet to be documented (Desjardins, 2010) . Given emerging generalisable empirical evidence of the health benefits associated with lifelong learning, more resources should be allocated to increase lifelong learning opportunities as a health promotion strategy for middle-age and older populations.
In conclusion, findings from the current study based on the analysis of nationally representative data (i.e., the 2012 wave of the Health and Retirement Study) showed that lifelong learning mediates approximately 3% to 5% of the well-established link between health and formal educational attainment among middle-aged and older adults in the USA. Although educational attainment is a powerful determinant of health in later life, participation in lifelong learning activity has great potential to attenuate this relationship. Indeed, as a health promotion strategy, lifelong learning can be autonomously and sustainably carried out at any stage of the life course. Public health, education, and aging policies should encourage lifelong learning activity and promote accessibility to relevant programmes.
The present study provided empirical evidence based on an informed approach that should act as a basis for future research, which may also be useful for preliminary policy directives aimed at activity-based public health promotion. Although more research is needed to confirm findings from this study and to identify detailed pathways, public health, aging, and education policy plays a critical role in resource allocation for improving accessibility to lifelong learning programmes and related community-based activities. Note: (*) The estimated effect was considered statistically significant when the 95% bias-corrected bootstrap confidence intervals did not include 0.
The model adjusted for all regression and correlation paths shown in Figure 1 . The final survey weight (NLBWGTR) was applied for this model. The final sample size = 6,829 DF = degrees of freedom; RMSEA = root mean square error of approximation; CFI = comparative fit index; SRMR = Standardised root mean square residual a. Only the demographic and socioeconomic characteristics were specified for the regression paths from the covariates to lifelong learning activity (see Table 3 for the list of variables). 
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